Failure modes and effect analysis (FMEA) is a proactive, highly structured and systematic approach for failure analysis. It has been also applied as a risk assessment tool, by ranking potential risks based on the estimation of risk priority numbers (RPNs). This article develops an improved FMEA methodology for strategic risk analysis. The proposed approach combines the analytic hierarchy process (AHP) technique with the exponential and weighted geometric mean method (EWGM) to support risk analysis. AHP is applied to estimate the weights of three risk factors: Severity (S), Occurrence (O) and Detection (D), which integrate the RPN for each risk. The EWGM method is applied for ranking RPNs. Combining AHP with EWGM allows avoiding repetition of FMEA results. The results of the developed methodology reveal that duplication of RPNs has been decreased, facilitating an effective risk ranking by offering a unique value for each risk. The proposed methodology not only focuses on high severity values for risk ranking but it also considers other risk factors (O and D), resulting in an enhanced risk assessment process. Furthermore, the weights of the three risk factors are considered. In this way, the developed methodology offers unique value for each risk in a simple way which makes the risk assessment results more accurate. This methodology provides a practical and systematic approach to support decision makers in assessing and ranking risks that could affect long-term strategy implementation. The methodology was validated through the case study of a power plant in the Middle East, assessing 84 risks within 9 risk categories. The case study revealed that top management should pay more attention to key risks associated with electricity price, gas emissions, lost-time injuries, bad odour and production.
Introduction
Risks can interrupt the operation process and cause negative long-term effects. These risks and interruptions will emerge from process/products such as failures of equipment, environmental concerns, natural disasters, terrorist attacks and economic issues (Achebe, 2011) . The potential risks along the operation of the business can disrupt the operation and cause significant losses (catastrophic events like fire or flood or other smaller events like failures). All these risks will cause revenue losses and dropped production rates, and reduce the reliability and hit the reputation of the company (Pan et al., 2016) . Thus, risk assessment is a critical activity for risk identification, analysis and evaluation, supporting strategic decisions (AlMashaqbeh et al., 2018) . Failure modes and effect analysis (FMEA) methodology is used for identifying and reducing the potential failures to increase the reliability and safety of complex systems, design, process or service which will inhibit the occurring of failures (Kutlu and Ekmekc xiou´gˇlu, 2012; Liu et al., 2013) . FMEA is a method to identify and prevent failures, providing information to support risk management decisions (Jacoby, 2012) . FMEA is an effective tool for high-risk industries like power plants, emphasising the need for addressing non-technical risks (Makajic´Nikolic´et al., 2011) . Thus, this article tries to fill this gap by developing an FMEA methodology as a risk assessment tool for non-technical risks, integrating the analytic hierarchy process (AHP) technique and the exponential and weighted geometric mean (EWGM) method for assessing and ranking risks. The advantages of FMEA is to enhance quality, safety and reliability of products, and to reduce the probability of risks (Su and Chou, 2008) . FMEA helps in taking risk management decisions through the provided information (Chang, 2009) . FMEA can be a powerful tool for safety and reliability analysis of systems, processes, designs and services in different industries (Liu et al., 2013) . FMEA is considered the most widespread tool for reliability and failure mode analysis. This article proposes an improved FMEA methodology for strategic nontechnical risks in power plants. This methodology will support decision makers regarding risk assessment to support strategic risk management decisions.
Literature review
Risk management helps in identifying and assessing various risks type and taking countermeasure actions for achieving required objectives (Caillaud et al., 1999) . In industrial operations, the effective risk analysis process is a crucial step for maintaining and improving the safety, reliability and sustainability (Pariyani and Reniers, 2018) . For the risk analysis process, several methodologies are developed. FMEA is one of these methodologies. FMEA is a qualitative inductive method applied by listing the expected failure and analysing the elements that can cause failure (Khan and Abbasi, 1998) . Another methodology for risk analysis in process industries is fault tree analysis (Yazdi and Kabir, 2017) . According to the importance and characteristics of process industries, these industries are prepared to face various risks (Ebrahemzadih et al., 2015) . The decision-making process should be explicitly linked to the business strategy. Thus, explicit mechanisms are required to support decision making in organisations to ensure strategic alignment (Milana et al., 2017) . On the contrary, there is no standard for the ranking criteria of risks. Risk assessment scales may consider value ranges of 1-5, 1-7, or 1-10, with the higher number representing a higher risk level. The 1-5 scale can be very practical, while the 1-10 scale is very popular in the industry. The risk priority number (RPN), the numeric assessment of risk assigned to a process, can be estimated considering the experience and engineering judgement of practitioners. The RPN considers three key risk factors Severity (S), Occurrence (O) and Detection (D). The RPN is calculated by multiplying the values for S, O and D, see equation (1) (Chin et al., 2008; Okoro et al., 2017; Stamatis, 2003) .
where Severity (S) is the seriousness (effects) of the failure; Occurrence (O) is the frequency of the failure and Detection (D) is the ability to detect the failure. The evaluation criterion for risk factors can be based on a 5-point scale rating system for an FMEA (Totten et al., 2003) . FMEA is a quality tool and a risk analysis methodology that helps to specify potential failures of a process and to establish their priorities by estimating RPNs (Adar et al., 2017) . Engineers, practitioners and specialists may apply a point scale to assess risks, specifying these three risk factors through judgement based on their experience. In the case of obtaining the same values for RPNs, the ranking is determined depending first on the severity, and then on the detectability. The RPN technique is considered as a quantitative method, although it is depending on qualitative assessments (Bevilacqua et al., 2000) . However, as the scale (1-5) is limited but practical, Lijesh and Hirani (2016) use it to quantify the RPN of failure modes for active magnetic bearings and they develop the guidelines tables for S, O and D depending on that scale. FMEA has been also implemented in organisations to classify internal risks (Jo´hannsson, 2015) . FMEA is applied to evaluate three factors of project finance risk in the energy sector, with each factor including a set of risk indicators (MakajicŃ ikolic´et al., 2011) . FMEA is a preventive process to assign specific resources to the riskiest elements (Chang, 2009) . Besides, this method provides information to support the decision-making management process for risks. Although the conventional FMEA technique has been widely used, it has important limitations. A key limitation of the conventional method can be summarised in four points as follows: First, the most commonly designated limitation is the relative importance of O, S and D is not considered and they are assumed equally important. Second, various combinations of O, S and D may generate the same value of RPN. Third, for calculating the RPN, the mathematical formula is a very significant part of risk assessment. Differences in ranking may cause different effects on RPN value, which sequentially depends on the values of other factors. Finally, it is most difficult to evaluate O, S and D (Braglia, 2000; Chanamool and Naenna, 2016; Chang, 2009 Chang, , 2015 Chang and Cheng, 2011; Chang et al., 2014; Kutlu and Ekmekc xiogˇlu, 2012; Liu et al., 2013 Liu et al., , 2015b Narayanagounder and Gurusami, 2009; Okoro et al., 2017; Pillay and Wang, 2003; Sankar and Prabhu, 2001; Sellappan et al., 2013; Wang et al., 2009 ). Varied approaches have been proposed to address such limitations. An RPN methodology applying fuzzy ordered weighted geometric averaging (OWGA) was developed by Chang (2015) helping to find the most serious risk. Similarly, FMEA provides information for risk management decisions process and is intended to make systems safer and more reliable through the evaluation process of the effects of failures on the performance of the system (Pillay and Wang, 2003) . Risk analysis techniques are implemented as an essential decision support tool and identify the potential sources of risks where the challenge of risk analysis approaches for use as a decision support tool lies in the detail of the related risks (Okoro et al., 2017) . Consequently, a more general and efficient procedure is needed to evaluate the risk of failure. For example, Chang et al. (2014) suggest the exponential RPN to enhance the risk evaluation using the FMEA. Conversely, fuzzy logic has been suggested in FMEA to eliminate the above drawbacks (Kutlu and Ekmekc xiogˇlu, 2012) . A fuzzy if-then rules approach is developed to express the relationships between risk factors and the risk of failure modes (Bowles and Peldez, 1995) , while Xu et al. (2002) present a fuzzy logicbased FMEA methodology to address the interdependencies of several failure modes. Yang and Wang (2015) use the fuzzy principle by developing a framework for analysing risks using a generic fuzzy evidential reasoning (FER) approach of offshore engineering systems, the proposed method is used to overcome the issues related to the conventional fuzzy rule-based methods. In contrast, a framework to support prioritisation of components of offshore engineering systems based on risk levels for intervention action, leading to inspection, repair and maintenance is developed. This framework is applicable only to structures in the offshore environment and cannot be used out of context (Okoro et al., 2017) . Wang et al. (2009) utilise the fuzzy weighted geometric to evaluate the risk factors O, S and D, where the fuzzy risk priority numbers (FRPNs) are proposed for prioritisation of failure mode. Liu et al. (2017) improved the RPN based on a fuzzy measure and fuzzy integral fusion to overcome the problem of the weights of risk factors. A proposed model for fuzzy risk evaluation in FMEA, involving fuzzy uncertainty environment was developed by Deng and Jiang (2017) . Li et al. (2017) developed an evidential FMEA to transform the experts' linguistic judgements into probability assignments. However, Liu et al. (2013) also addressed the limitations of the fuzzy inference technique applied to the FMEA methodology. Furthermore, Panchal et al. (2018) developed a fuzzy decision-making methodology combining FMEA and grey relation analysis to determine the critical components of the considered system depending on the RPN. This integration is done to overcome the equal importance weights in the conventional FMEA.
Conversely, Liu et al. (2013) in their literature review paper clarify that although the fuzzy inference technique is broadly applied to improve FMEA methodology and overcome all the aforementioned limitations for FMEA, it still has various setbacks such as the difficulty in defining a suitable membership function for the risk factors and risk priority level; the fuzzy RPN model has an enormous number of rules provided by the experts; the structuring of a fuzzy if-then rule base is a hard task, needs an enormous number of judgements making by the experts, furthermore, it is highly costly and time-consuming like conventional FMEA; different antecedents of the fuzzy if-then rules but with similar consequences are unable to be distinguished from one another; additionally, these fuzzy rules are unable to be prioritised or ranked; difficulty in dealing with complicated calculations for producing precise risk results without dropping information in fuzzy inference process and finally, difficulty in designing suitable software packages to recognise the instant communication between risk input, output and failure priority ranking. Commonly, the risks ranking is affected by the risk factors (S, D and O) estimation weights which play a significant and crucial role in the criticality risk analysis (Bevilacqua et al., 2000; Liu et al., 2013; Okoro et al., 2017) . According to the weighting issue in FMEA, the weighting methods applied in FMEA are classified into three categories: subjective weighting method, objective weighting method, and minimum cut set and combination weighting method. According to Liu et al. (2013) , AHP is one of the prevailing applied methods from the widest used methods of weighting (subjective weighting). On the contrary, there are a little literature that use the integration weighting methods in FMEA. In this article, AHP is used to calculate the weights for the three risk factors (S, D and O) which will be covered in the section 'Defining the AHP hierarchy'.
Developing an improved FMEA methodology
This section discusses the development of an improved FMEA methodology, which combines the AHP technique for weighing risks and the EWGM method to facilitate an effective risk ranking.
Defining the AHP hierarchy
AHP is a multiple-criteria decision making (MCDM) process where selected factors are organised in a hierarchical structure, including the overall goal, main criteria and sub-criteria, and the possible alternatives (Saaty, 1990) . AHP can help decision makers to find the solution that best suits their goal. In practice, to ease setting priorities, the decision maker can add or eliminate hierarchical levels and elements as necessary (Aldairi et al., 2015) . The applied AHP structured hierarchy for this research starts with a zero level related to the goal of the risk model: evaluation of key risk factors (S, O and D) . The first level considers those three risk factors. The second level considers the possible alternatives, where the impact of the risk factor is classified as high, medium and low weights. After the decision hierarchy has been built, pairwise combinations have to be established by comparing each element in the upper level with one in the lower level. Saaty's intensity of importance scale is applied to compare pairs and define relative importance. Generally, the weights for S, O and D are determined using the AHP or estimated depending on experts opinions. Vahdani et al. (2015) (Liu et al., 2015a) . In order to compute the weights for the different criteria in AHP, the AHP establishes a pairwise comparison matrix A. Once the A matrix is built, the normalised pairwise comparison matrix (Anorm) can be derived from A. To read about the related equations of AHP, see Acze´l and Saaty (1983) ; Dijkstra (2013) ; Krejcˇı´and Stoklasa (2018); Narens and Luce (1993); and Saaty (1990, 2008) .
Defining the equation to apply EWGM Chang et al. (2014) 
where X is a positive integer, ø 2 and it selected as seen in the fifth equation To determine the best value of X, all the potential values for X = 2, X = 3, X = 4 and X = 5 are calculated to realise the frequency and the duplication of values. Then, the highest number that can be generated by X is selected. The scale 1-5 has been used in this research for the evaluation process; in the conventional RPN, there are only 30 unique numbers for the conventional method while for the EWGM method, there are 75 unique numbers for X ø 2. At X = 2, the values are very close together but for X ø 3, there is a reasonable difference between values which will provide more accurate results; additionally, there is no difference seen for X more than 3; therefore, X is assigned at 3 as in equation (4) 
Applying the weighted geometric mean (equation (2)) to the ERPN (equation (4)) and replacing (xi 3 W S ) by the weighted geometric mean, the combination of the weighted geometric mean and the exponential are explained as in equation (5) 
Accordingly, equation (5) shows the improved RPN of the FMEA. This equation can be applied to assess various risks. A case study example has been illustrated to show the benefits and the differences between the conventional and the improved methodology. The priority of (84) non-technical risks will be calculated and compared using the improved and conventional methodologies. Figure 1 represents the histogram charts for the conventional and the EWGM at X = 3 where the factor weights are selected as W S = 0.333, W O = 0.333 and W D = 0.334, to derivation purpose only.
Developing an FMEA for non-technical risk in power plants
An accurate quantitative assessment using decisionmaking approaches, modelling and simulation will be provided from the risk assessment methodology (Zhu et al., 2018) . In oil, gas and power, the supply chain management is more complex than other industries (Jacoby, 2012) . From an extensive review of literature in the area of risk management and assessment, 84 non-technical risk indicators that have an impact on power plants performance are identified. These risks should be understood, reviewed and evaluated then, the rank of risk indicators have been determined. In this article, a new comprehensive and conceptualised risk classification methodology for risk decomposition is adapted and developed using a modified FMEA. The RPN is calculated two times, one depending on the conventional method and second, depending on the improved RPN using EWGM (equation (5)). When risk data are not available, scholars and practitioners may depend on the experience of experts to support their models (Radivojevic´and Gajovic´, 2014) . Similarly, Milana et al. (2017) assert that knowledge and expertise are needed to support the decisionmaking process. Geng et al. (2012) clarify that defining key indicators to evaluate business performance is critical, highlighting the need to consider the dynamics of such indicators. The developed FMEA methodology was validated using relevant data from the literature review and from the case study of the Energy Corporation in the Middle East. Information to support the developed methodology is collected depending on some literature review and on expert opinion in a power plant in the Middle East. The data were collected through a questionnaire and interviews as focus groups; 18 experts from power plants in the Middle East were asked as focus groups to fill the questionnaire and discussing the risk assessment techniques, evaluating the risk factors (S, O and D), assessing all risk indicators and constructing the AHP matrix. Afterwards, the AHP and the weighting process is implemented using Expert choice software. In this article, the focus is on the developed FMEA and the research methodology regarding the opinion of each expert and the method of aggregation. The AHP will be clarified more in another future paper. The weights for three risk factors in the selected power plant in own case study are calculated and estimated depending on the previous case studies from literature Kutlu and Ekmekc xiogˇlu, 2012; Liu et al., 2015a; Vahdani et al., 2015) , historical data and expert opinion from power plants in the Middle East through questionnaire and focus groups. By applying the AHP, construct a comparison between these three factors where the S is more important than O by 2 and by 5 with D where the O is more important than D by 4 accordingly, then the calculated weights are W S = 0.57, W O = 0.333 and W D = 0.097.
Improving the FMEA risk evaluation stages
As summarised in section 'Defining the equation to apply EWGM', the developed RPN equation has been constructed accordingly. The risk assessment and ranking process can be started based on equation (5 The proposed methodology has been validated with the case study of an energy company in the Middle East, using relevant data and supporting the analysis with the literature review.
Calculating the improved RPN
An improved FMEA methodology combining exponential and WGM has been developed to overcome some of the limitations highlighted in the 'Literature review' section. A comparison between the results of the conventionally estimated RPN and the improved methodology was carried out by applying equation (1) to calculate the conventional RPNs and the EWGM equation (5) to calculate the enhanced RPNs. The ranking of failure modes may be affected by risk factors weights (Liu et al., 2013) . The appropriate assessment of risk factor weights (S, O and D) plays a vital role in the criticality analysis. The weights for S, D and O have been determined by the AHP technique.
The risk rating scale has been defined to include occurrence, detection and severity, as indicated below ( Lijesh and Hirani, 2016; Stamatis, 2003; Totten et al., 2003): 1. The risk is of minimal nature, unlikely of occurrence and very high probability to be detected.
2. Risk will result in minor disruption of operations/ supply/services, low probability of occurrence and a high probability of risk detection. 3. Risk will result in failing to satisfy performance expectations/targets of operations/supply/services, a moderate probability of occurrence and moderate/likely probability of risk detection. 4. Risk will result in significant failure to satisfy performance expectations/targets of operations/supply/services, a high probability of occurrence and low probability/not likely to detect the risk. 5. Risk will result in severe/catastrophic failure to satisfy performance expectations/targets of operations/ supply/services, the risk is almost inevitable and very low probability to detect the risk.
Validating the methodology through a case study
The developed methodology has been validated and compared with other methodology of risk assessment from the current literature such as Chang et al. (2014) and Lijesh and Hirani (2016) . In this section, an empirical study of a power plant in the Middle East is applied to demonstrate the practicability of the improved methodology. This methodology was validated by populating the different tools with relevant data from the literature review and with data from Energy Corporation in the Middle East through questionnaire and interviews as focus groups. Accordingly, these results will differ depending on the selected power plants. Table 1 demonstrates a case study example using the previously mentioned steps in section 'Improving the FMEA Risk Evaluation Stages'. From Table 1 , it is clear that repetition rate for the conventional method is 91.7% while it is 77.3% for the EWGM, which means that this method is more reasonable and the RPN values are not close together as the conventional method. Hence, this will serve to see a clear vision of the risks impact and ranking and later will help the decision makers to assess and evaluate the risk correctly; the EWGM method helps in looking at all factors in risk assessment, not only on the severity part like other research. Interestingly, if the severity is high in certain risk but the occurrence is almost impossible, and the other two factors (O, D) are medium in their influence on another risk, the attention should be paid for the risk with the two medium influence, not for the more severe risk with the negligible occurrence. These results will differ depending on the selected power plants where the economic, environmental and social risks are different from country to another and also from the power plant to another. 
Conclusion
This article proposed an improved FMEA methodology for evaluating strategic non-technical risks in power plants. The study has identified 84 key nontechnical risks to be considered to validate the proposed approach. The proposed FMEA methodology has applied EWGM to calculate the RPN. The application of the developed methodology has resulted in an important reduction in the duplication of RPNs, facilitating risk ranking, and provides a unique value for each risk.
The proposed methodology focuses not only on high severity values for risk ranking but it also addresses the other risk factors (O and D), resulting in an enhanced risk assessment process. The developed methodology offers a unique value of each risk which makes the risk assessment results more accurate. Furthermore, it provides a practical and systematic approach to support decision makers in assessing and ranking risks that could affect long-term strategy implementation. The methodology was validated through the case study of a power plant in the Middle East. The analysis of the case study identified and assessed 84 risks, within 9 risk categories. The case study revealed that top management should pay more attention to key risks associated with electricity price, gas emissions, lost-time injuries, bad odour and production. The managerial implication of this methodology will help decision makers in better assessment of risks, supported strategy of a power plant regarding risk management process and development of countermeasures for various risks types. The methodology can be applied to other industries and power plants. The output of the improved RPN of FME process can be utilised and integrated with other methods to improve the risk assessment process such as Fuzzy approaches. Furthermore, it will be possible to model this methodology by considering the changes in system environment with time utilising a system dynamic approach to check how risks change with time and understanding the system behaviour.
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